Materials and Methods
RNA purification from gels, 3'-end labeling, and primer extension analysis RNA was purified from polyacrylamide gels by overnight elution at 4°C in 250 mM sodium acetate (pH = 5.2), 1 mM EDTA mixed with 1 vol. of phenol (S3) . pCp was made from Cp and [γ- 32 P]ATP (6000 Ci/mmol; Amersham Biosciences) using T4 polynucleotide kinase (Fermentas) (S3) . The [ 32 P]pCp was used without further purification to 3'-end label RNA using T4 RNA ligase (Amersham Biosciences) (S3) . The 3'-end labeled RNA was gel-purified before use. Primer extension analysis of cleavage reactions were performed as described (S4) using C291 (5'-GAT TGT CTT GGG AT) as primer.
Ligation experiments and β-elimination
Ligation experiments were performed by mixing gel purified RNAs in dH 2 O followed by addition of 1 vol. of a 2× reaction buffer (2 M KCl, 50 mM MgCl 2 , 95 mM Hepes-KOH, pH = 7.5) at 45°C. Time samples were withdrawn and stopped by pipetting into denaturing (7 M urea) loading buffer. β-elimination of gel purified 166 RNA was carried out by oxidation in 20 mM sodium periodate followed by aniline cleavage as described (S5) . The RNA was gel-purified before subsequent ligation experiments.
Enzymatic 5'-end analysis and alkaline ladders For analysis of the 5'-end, RNAs were initially 3'-end labeled by [ 32 P]pCp and gel purified. Aliquots of the RNA were then subjected to enzymatic analysis using shrimp alkaline phosphatase (SAP; Fermentas) and T4 polynucleotide kinase (Fermentas) or to partial alkaline hydrolysis by boiling in 50 mM NaHCO 3 /Na 2 CO 3 , pH 9.0 (3). The samples were analyzed on 10% denaturing (7 M urea) polyacrylamide gels. A partial RNase T1 (Sigma) digest was used as a size marker.
Analysis of branch nucleotides
The structure analysis of the branch nucleotides were performed on gel purified 3'-fragments isolated from cleavage reactions with body-labeled RNA. Aliquots of the RNA were subjected to enzymatic analysis using mung bean nuclease (Stratagene) and calf intestinal phosphatase (New England Biolab) according to the manufacturers' recommendations. In double digestions, 1 vol. of a 2× reaction buffer (200 mM Tris (pH = 9.0), 20 mM MgCl 2 , 1 mM ZnCl 2 , 10 mM spermidine) was added to the mung bean nuclease digest and incubation continued in the presence of CIP. The samples were analyzed on 20% denaturing (7 M urea) polyacrylamide gels. A partial alkaline hydrolysis reaction was used as a size marker. Digestion with snake venom phosphodiesterase (Crotalus atrox venom; Pharmacia) was in 100 mM Tris-HCl (pH = 8.9), 100 mM NaCl, 14 mM MgCl 2 at 25°C for 30 min. TLC analyses were performed on PEI-cellulose plates using 0.9 M Acetic acid/ 0.3 M LiCl as running buffer. In preparative experiments, the material was scaped of the plate and the nucleotides eluted in 2 M NH 4 OH. In the experiments on characterization of the lariat circle (Fig. 2B ) and branch nucleotide (Fig. 2C) Cleavage experiment with deoxy-substituted RNA oligos. The deoxy-substituted oligonucleotides were purchased from Dharmacon. The ribozyme version used in cleavage experiments with these oligos was made by PCR using C294 and C421 (5'-TCG GAA CGA CTG TTC ATT GAA C). The cleavage experiments were carried out as described above.
Supporting Online Text
Individual RNA species described in the paper are named according to the number of nucleotides included. For example, 166.22 refers to a GIR1 ribozyme including 166 nt upstream of the IPS (internal processing site), and 22 nt downstream of the IPS. Parentheses are used to describe the origin of a particular RNA species. (166)22 means a 22-nt fragment isolated from cleavage of a 166.22 precursor RNA. Nucleotide numbering is according to the position in the full-length intron (S6).
The cleavage analysis shown in Fig. S1 is complicated by the reversibility of the reaction. We interpret the reaction of 166.22 to be the sum of a forward transesterification, an efficient reverse (ligation) reaction (as demonstrated in Fig. 1F) , and a relatively slow forward hydrolytic reaction. The reaction with 157.22 is dominated by the forward transesterification.
In the mung bean nuclease analysis of branched nucleotides (Fig. S4) Figure S5 . Primer extension analysis of all RNA and site-specifically deoxy substituted 29 nt oligos after incubation with ribozyme at standard cleavage conditions for 2 hours. The ribozyme was of the 157.-7 format and the oligos 7.22 (indicating number of nucleotides included,
